Three sets of flavonoid derivatives (N=32, 40, and 74) and logarithms of their dissociation constants (log K d ) that describe flavonoid affinity toward P-glycoprotein were modelled using six connectivity indices. The best results were obtained with the zero-order valence molecular connectivity index ( 0 χ v ) for all three sets. Standard errors of the calibration models were around 0.3, and of the constants from the test sets even a little lower, 0.22 and 0.24. Despite using only one descriptor, our model proved better in internal (cross-validation) and especially in external (test set) statistics than much more demanding methods used in previous 3D QSAR modelling.
There is a rising interest in the research of bioflavonoids, secondary phenolic plant metabolites that have been evidenced as strong antioxidants (1-5) and therefore regarded as potential anti-cancer agents (6, 7) . No less important are the research efforts to elucidate their metabolism and mode of action. Noteworthy are the measurements of their affinity to a variety of proteins such as human serum albumin (8) , bovine serum albumin (9) or blood plasma (10), and milk proteins (11) . Among them P-glycoprotein (P-gp), a 170 kDa transmembrane protein (12) , has received particular attention because it expels hydrophobic compounds from the cell, which leads to resistance to cytostatic agents through a mechanism termed multidrug resistance (MDR) (13) (14) (15) . The search for effective and safe P-gp inhibitors is in progress, and flavonoids seem very promising as MDR modulators. Investigations of flavonoid binding to P-glycoprotein using pharmacophore modelling (DISCOtech, CoMFA, CoIMFA, MIF) (16) (17) (18) have yielded a fair agreement with experimental findings and showed the dominance of steric and hydrophobic interactions (fields) in flavonoid binding to P-glycoprotein (17) .
The aim of our study was, however, to develop a simpler but as reliable method with the same purpose, that is, to predict the dissociation constant, K d , of P-glycoprotein/ flavonoid complexes. The dissociation constant K d could be modelled with only one molecular descriptor from the class of valence connectivity indices, just as the third-order valence connectivity index (
) was successfully applied to predict the stability of coordination compounds (19) , especially of copper(II) chelates with peptides (20) (21) (22) .
Moreover,
3 χ v and other related graph-theoretical indices have been applied in quantitative structure activity relationship (QSAR) analysis (23) (24) (25) , and particularly in the QSAR of 15 flavonoids isolated from Jerusalem thorn (Paliurus spina-christi Mill.) used in Croatian traditional herbal medicine (26) . The authors have shown that the first-order valence connectivity index linearly correlated (r=0.993) with the hydrophobicity of flavonoids, i.e. with their octanol/water partition coefficient (log P) and Van der Waals volumes (r=0.999).
For this purpose, we used three sets of flavonoid derivatives and their dissociation constants (pK d ), which describe flavonoid affinity toward P-glycoprotein (16) (17) (18) . The best fitting models and the best internal and external (cross-validation and test set) predictions for all sets were obtained with zero-order connectivity index ( 0 χ v ).
METHODS

Calculation of topological indices
We calculated topological indices using the E-DRAGON program developed by R. Todeschini and co-workers, capable of yielding 119 topological indices in a single run along with many other molecular descriptors (27, 28) . Connectivity matrices were constructed with the aid of the online SMILES Translator and Structure File Generator (29) .
The zero-order valence molecular connectivity index, 0 χ v , was defined as (23, (30) (31) (32) : 
where Z v (i) is the number of valence electrons belonging to the atom corresponding to vertex i, Z(i) is its atomic number, and H(i) is the number of hydrogen atoms attached to it.
The zero-order connectivity index is the first member of the family of valence connectivity indices. 
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Regression calculations
Regression calculations, including the leave-one-out procedure (LOO) of cross validation, were done using the CROMRsel program (33) . The standard error of the crossvalidation estimate was defined as:
where ΔX and N denote cv residuals and the number of reference points, respectively.
RESULTS
The first set consisted of 32 flavonoids (marked a in Table 1 ). It was further divided into the training (N=25) and test set (N=7) (16) . Regressions on the full (N=32) and the training set (N=25) yielded similar statistics (Table 2, Figure  1 ), with the standard errors very close to those of the test set (SE test =0.22).
The second set included 42 flavones (marked b in Table  1 ). Two compounds were excluded from the set: 34 because of the very different structure and 42 because it was the same as 23. The new set (N=40) was also divided into the training (N=31) and test set (N=9) (17) . Regressions on the full (N=40) and the training set (N=31) of flavones yielded similar statistics (Table 2, Figure 2 ), and the standard error of prediction of the test set (SE test =0.24) was even lower.
The third set (marked c in Table 1 ) consisted of 78 flavonoids, including calcone (compounds 1-22), flavone (compounds 23-64), and aurone derivatives (compounds 65-78) (18) . We excluded the derivatives of dehydrosylibin and xanthone (18) and compounds 14, 34, and 67 because of their unrelated structure and flavone 42 because of the same structure as flavone 23.
Regression on the new set of 74 flavonoid derivatives yielded R 2 =0.790 and SE=0.37 ( 
O=C1C2=C(C=C(C(C(C)(C)C=C)=C2OC(C3=CC=CC=C3)=C1O)O)O
CONCLUSION
Our model for the prediction of dissociation constants of the flavonoid-P-glycoprotein system (K d ) gives results comparable to much more demanding 3D QSAR -CoMFA and CoMSIA models. It may have fared worse in fitting the data but gave better internal (cross-validation) and external predictions (for test sets). In this most important aspect in modelling, our model surpasses CoMFA and CoMSIA.
Our results also show that the model is stable (SE≈SE cv ≈SE test for the same set), yielding consistent results, regardless of the grouping of flavonoid derivatives (for not too big structural diversity).
The comparison of our model (Set 1, Table 2 ; N=32) with the CoMFA models gave standard errors of 0.99, 0.96, and 0.99 log K d units for the electrostatic, steric, and standard model, respectively. These standard errors are much bigger than those obtained by comparison between the CoMFA models: 0.27, 0.15, and 0.21 for the comparison between steric and electrostatic, steric and standard, and electrostatic and standard models, respectively. Therefore, our model gives quite different predictions than the CoMFA models despite similar general agreement with the experiment (SE=0.24 and 0.13, for 0 χ v and the standard CoMFA model, respectively). A much bigger difference in standard error between 0 χ v and each of the CoMFA models, as well as the difference in standard errors between the CoMFA models suggest that the 0 χ v model is not an approximation of the CoMFA models but is the model in its own right.
Our model, as well as models based on topological indices in general, is essentially holistic, which means that it fits all the relevant interactions in a molecule equally well. Jednostavan graf-teorijski model vezivanja flavonoida za P-glikoprotein Upotrebom indeksâ povezanosti modelirani su logaritmi konstanti disocijacije (log K d ) triju skupova flavonoidnih derivata (N=32, 40 i 74); K d opisuje afinitet flavonoida prema P-glikoproteinu. Najbolji su rezultati postignuti na svim trima skupovima upotrebom valencijskoga molekularnog indeksa povezanosti nultoga reda ( 0 χ v ). Standardne su pogreške modela za kalibraciju oko 0,3, a one za konstante iz seta za provjeru malo su niže -0,22 i 0,24. Unatoč upotrebi samo jednoga deskriptora, naš se model pokazao boljim u pogledu interne provjere (unakrsna validacija), a posebice u pogledu eksterne provjere (prema skupu za provjeru) od puno zahtjevnijih metoda (3D QSAR) korištenih za modeliranje toga sistema.
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